Dynamo Processes and Magnetic Field of the Earth and Planets by Kono, Masaru & Stevenson, David J.
;t; 5fi .;t, (200:1) ~I I ~2S J't 
ltnllilk'J:I;s:F~Jil1L\liJf~t ;_, 7 -* lUI fF R 
tJ 'J 7 ""lo-"--riffk'l'** David J_ Stevenson 
Dynamo Process and the Magnetic Field of the Earth and Planets 
~asaru KONO 
Institute for StCJdy of the Earth's Interior, Oh.ayarna Cniversilv, 
Yamada 827, :VIisasa, Toltori-ken 6f\2 01 ~:~. J;wan 
David J STEVENSON 
Ctliiornia Institute of Tcchno:ogy, I :10 21 PaS<Jdena. Ci\G 1125, USA 
: r:ectt vee: J utce 12, 2003; AcTepted October 1 0, 2 00:~) 
Th!-f'~-(ii~n ... ,r, <(Hl~J. , lu11~- r~onlinl'~Jr d~ namo n to(.k'Lj were ~ ir~t presented in lt)93 ~J~· \\\"U gn_lllP~ 1:1 
,l ap:tr: " nd l ' S_\ Since then. ahoul. •en group~ lli~\'E ~eported similm simulation results. a nrl ~onw 
1r:ipona·;: J)rOpl..'rt!t·s n f :he dYr.an1o~ bccan1c known from these ~tudie~. Also iu recer1t. ~--cars. nc\' 
obser-vational results <:ccuruulaled for the raai{netic fields of planets (inc!Ltcling satellitesl, and indicate 
ver)- diverse rlynarno Dnd inrluc t ion effect~ in these bodies. In this review, we first go thro ugh the 
'net hoc' r: mploycd fur cltt' gcodyi':lmo :>imulatior!s, a:td ~how how the magnelic field is genera tell and 
:naintained by che convection system in t he rota t ing sphere~ and spherical shells through a process 
similar to rl-cllcct studicc.l by kinematic models We then review the observation of the planetary 
magnetic fieltis in the solar system, and investigate the conditions required for maintaining the 
dvnamo process. Lsing these results, we examirce the magnetic fields of the individual planets and 
consider how these C1elds are produced: hv d.ynarno. induction, or remanent field. 
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l'ig. 8. A »ketch of lhe flow pCJll ern in lh e GR 
models. The rrwridiona' circttlation.' rw;; r 
nort h a n rl snut>1 poles ctt-r y heat truw t he 
lCl\ ·.u tile CMB, ll"iticlt induce a slroctg 
wral thurr:ll winrl in tl~c' rl t rPcti C> ns inrJ i. 
c a tcd bccJ.uf;.C' of : h e rotati o tl. T h e d as hcc: 
.i n c· <·tovr·:'i t:·:c t. a n,,~cn t c .. -:J nth.· r· l<t ·pro-
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Ancient dynamo 
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Dynamo (extencls to ne;;r surface) 
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Induction response l;;alty w a ter occan_t 
llynamo likr-ly 
lncluc:tiun re;;pnnse (,;ally waLer o cean·l 
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l'ig. 10. Var·iation ul mag netic l~cynolds nurn· 
\)er with heat llow. The horiwnlal coordi-
n!lt.; </J is th~> total hent flux in units of 
F .,,., ,,,. Purclv therma l co nvect ion is 
assum ed and requires <1> > l. The vertical 
axis is lhe value of lite functiom labeling 
tlw cutTPS. 1<"'·'"1 is ·Jw m agnel ic Reynolds 
nurnbr: r fur mixing length theory ami 
R "· ,.,.,. is the cstirEalc [or Lhc rnay,nc lo-
str()phic reglnl(' ~sef~ text: " is tht• co re· 
r,·,diuc in u:1its or Ear;.h'~ co re. :--Jo tc tha : 
N.,.,_ .,,., t ~ 1~. p~cali~ s tt:allt:r l;y , :.11 u nlcr •: .d 
m;:gnil·.rdP. Thi' plo l sr:ow~. lr:at Rm r~1a' 
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